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Dii’fuse reﬂectance spectroscopy has been used in an mvestxgatlon of the reveraible photochemjcal eonversion of 2-(2’ 47

dinitrobengzyl)}-pyridine in the adsorbed state.

- Theé tatitomeric ghift associated with this eonversion was studied in the

phase boundary ‘of those adsorbents W}neh gerve sy eléstron acceptors. 'Two first order reactions were found which prob-
ably are due to the fading of ‘& posxtlve 10n and of the neutral molecule, respectively. Activation energies have been es’m—

mated from the kmetxc data,

The Kubelka—Munk 11',heory,2 descnbmg the proc-
ess.of ~fdiffusé reflectance’: of: finely.: powdered
absorbing material, has not been: extensively used
because ‘the. mvanably superimposed:: - “regular
reflectance’’ levels and broadensthe derived spectra.
To get the true:absorption speetrum from reflectance
measurements one therefore has::to: /eliminate
the regular part of the reflection. This can be
done easily by ftriturating thé sample together
with a _large excess of a non-absorbing. standard
of the same particle size.®*  Since in.this process
all ‘organic and many inorganic compounds are
adsorbed on the surface of the standard, this
method is. especially. suitable .for. the mvestlgatlon
of the optical behavior of adsorbed molecules. .

Recent, work, for instance on- the reversﬂ:le ad-
- sorption of different dyes on surfaces.of appropriate
adsorbents,®? has shown that. frequently a, chiemi-
" gorphion -is. takmg place. which.is accompanied by
~a-pronounced : change. of. eolor: .. This ean be:at-
tributed “to. an electron—donor—acceptor—process
between adsorbed material and the adsorbent.
Equally, irreversible photochemical reactions of
- adsorbed molecules have been investigated by this
method.” The method, therefore; appeared promis-
ing for the investigation of the reversible photo-
chemical reaction of 2-(2’,4’-dinitrobenzyl)-pyri-
dine, which turns blue by illumination and fades
again in the dark to #s original colorless form.
This reaction takes place in the crystalline form as
well as in_solution,® but the rate of fading in solu-
tion is very rapid and can only be ohserved af low
temperatures® or by a ‘special flash technique at
room temperature.® .-

The reaction has been interpreted® as a tautomeric
shift which involves either the pyridine or the neigh-
boring nitro group.
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We have studied this reaction in the phase bound-
ary of several adsorbents by measuring the reflect-
ance spectra of mixtures, where the molar frac-
tion of the nitro compound: was 10— fo. 104,
against the pure adsorbent as standard., Adsorp-
tion was accomplished by. grinding for several
hours in & ball mill in the dark m a CO; atmosphere.
The sample then was exposed to diffuse daylight
for 30 minutes and measured again. The spectra
on NaCl as adsorbent are shown in Fig. 1. .
The logarithm of the Kubelka~Munk functlon

L_LI__“’)_=E§

FB.) =55 s

is plotted against the wave number, Reo“ ==
I(sample)/T (standa,rd) is the measured relative
diffuse reflectivity, e the molar extinetion” coefliei-
ent, ¢ the molarity, and s the scattering coefficient,
which is essentially indépendent of the wave
length. - The spectra: are: therefore identical with
the true absorption spectra; ‘except for “a parallel
shift in the values of log ¢. Quite analogous spec-
tra were obtained on silica snd lithium fluoride as
‘adsorbents. Prolonged 1rrad13,tlon changes the
‘compound ureversﬁﬁy both i the case of the
pure substance and in the solutions.® . .

The adsorbed nitro compound when. lluminated
turns blue, like the pure crystailine compound {
max =% 600 my), with the color fading slowly over
& period of about 10 hours in the dark. The spec-
tfum can be mea,sured easﬂy therefore at reom tem-
perature '

Since earlier studzes ha.d shown that the interac-
tion between adsorbed ‘molecules and ‘the adsorb-
ent can in some cases be prevented by adsorbed
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" Fig. 1.—Reflectance spectia of 2-(2',4'-dinitrcbenzyl)-

pyridine adsorbed on WaCl before exposure to light (a) and
after exposure to 30 mmutes of diffuse sunhght (b).

o0 dpo - -.300 -2,50'--m,u----.-
i _ '/f".\-_.
1 V4

: __'.~)_._f_ L

&

j oS8

|

S e
'_-"'_:”zoﬁ ' 2'4 ' 32 40 x/a3cm

- _ V

F1g 2 —Reﬂectance spectrum of 2 (2’ dmltrobenzyl)—
it pyndme adsorbed on magne51um oxide.... .. ..,

water, .6 we at; ﬁrst ‘carried out all expenments in
the absence of moisture by heating the adsorbents
o 500° for several hours and sealing thie sample
cells with quartz plates in a glove-box in'a dry
carbon dioxide ‘atmosphere. It was Tound, how-
ever, that the exposure of the adsorbed a,nd con-
verted. compound to moist air did not ohange the
intensity. of ‘absorption, so that later experiments
were made with adsorbents which were air-dried
only.” The strong partial dipole ‘moments of the
nitro_compound appear to be eapable of displacing
the water moleeules from the surface of t.he adsorb~
ent ’ .
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Qulte unexpectedly the conversion fo the blue

form by illumination failed when the’ compound

was adsorbed on MgO. Instead, an irreversible
reaction in the dark took place, indicated by two

... maxima in the visible region at about 670 and 480
- mp, respectlveiy which did not change upon ir-
- radiation -in-*the “ultraviolet.
“Fig. 2. This ‘reaction; in contrast to the tauto-
‘meric shift, seems to be aceelerated by water and

This is shown in

can best be mvestlgated on adsorbents Wh_loh are

“- - only air-dried.”

“Anh indication. of the reactmn mechamsm was

o --'glven by earlier experiments’ on- the reflectance

spectra of s-trinitrobenzene adsorbed: on > MgO.
Whereas s-trinitrobenzene adsorbed on 8i0. or
NaCl remains: colorless;- the. . adsorption: on MgO
produces & bright red compound, the spectium of
which is analogous o that of an alkaline solution
of .the same. compound in-water.. This reaction
has - been. ‘explained- -according. -to polarographlo

_investigations!! as an addltlon of OH iong on the

benzene nucleus
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We therefore tnturated 2 4—d1mtrot01uene \mth an
excess of MgQ and SlOz, respectively; “and found
that it reacts with' MgQO-in the same Way Wherea.s_

‘on silica it remains unchanged. -

<We: may  therefore conclude that an a,nalogous
reaction takes place between the dinitro conpound
and-MgQ at the phase boundary, the MgO aetmg
ag an electron donor :
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The quinoid strueture of this "compaﬁ_ﬁdﬁ .e')ipla;ins

the absorption: in: the:visible and: prevents the
conversion ‘I — TII; but. would: not -prevent -the
tautomerie réaction. I — 1L - From the fact that
the dinitro compound does not turn blue on MgO
by ﬂlummatmn we “conclude that the mechanism
of this conversion consists more likely in an intra-
molecular shift I <5 IIL than in a shift I = .11
This. ¢an be conﬁrmed ‘further by the optlcai be-~
havior of the 2-(4'-nitrobenzyl)-pyridine, in which

(11) L. Holleck andG Perret Z. L‘lck!mchem 59, 114 (1955); 60
463 {1956} L
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Fig. 3.—Reflectance spectrum of 2-(4'-nitrobenzyl}-pyridine
adsorbed on silica.
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does not oceur. Neither does the irreversible reac-
tion I — IV take place on MgCO; and ALO,.
In the case of CaO it can be detected slightly. On
very pure ‘‘neutral’”’ ALQO, the tautomerie shift I
— IIT can be observed, but to a lesser degree than
on 8i0., NaCl, or LiF, all other conditions being
held constant..: . T S

In order:to’compare our results with those in
solutions, we have made rate measurements of the
fading reaction I11I — ] as a function of temperature
using silica as the adsorbent. For this purpose the
samples were sealed in fused quartz cells which
could be kept in a water thermostat and which were
measured against the pure adsorbent as reference
at 600 my as a function of time ¢. The logarithm
of the Kubelka-Munk function log F(R.) plotted
against ¢ at four different termuperatures is shown in
Fig. 4. Obviously there are two first order reac-
tions with different rates which are analogous to
reactions in solution at different pH’s.’® This
may be attributed to the fading of the cation
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Fig.'i—.Fading re.action of 2-{2’4"dinitrobenzyl)-pyridine as a function of temperature: plot of log F(R) ¢z time in

minutes ab temperatures of

the analogous tautomerie shift to I =2 IT would be.

expected to take place
NG. ' NOs
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By this reaction a resonance system extending over
the whole molecule should result, giving a shift of
the absorption to longer wave lengths. The re-
flectance spectrum of the mononitro compound
adsorbed on air-dry silica (Fig. 3) was measured
and no shift in the absorption was found. This
means that the reaction V — VI is very unlikely.
MzC0;, Ca0, and ““alkaline’” Al,Os as adsorbents
behgve in the same manner as MgQO in that the
conversion to the blue form upon irradiation

17.1, 27.5, 37.1 and 47.0°.
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S
(-
N v
| N
{(+1H 7N
HO O

and of the neutral molecule (1), respectively, the
I

proton being substituted by acid groups —Si—OH.
|

From the slopes of the straight lines the rate con-
stants & of the two reactions can be calculated
and are given in Table L.

The values of log & plotted against 1/T give ap-
proximately straight lines, the slopes of which give
the activation energies £ for the two fading re-
actions
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sl 280RAlog B oo oo We find By 2217 and By 2215 keal. /mole, which is
CTTRGITY =K .. = of the same order of magnitude. and about three

PAUMA e e s times larger than in solution,? as is to be expected

TawewI oo s e, from the mueh smaller rates of fading in the ad-

e g w0t gt e i o sorbed  state. Since the activation energy E:
°C.. '« I/T . miniTt loghi - mim=3 . logk: of the faster reaction 1 is somewhat larger than that

47.0  0.00312 0.0307 ~—1.513 0.0160:-~1.796 of the slower reaction 2, there must exist a dif-
37.1- °0.00322 - 0.0128  —1.893. -0.0061 —2.213 ference in the frequency factor f; > f2, which might
27.5.. .0.00333  0.0057 .- —2.240 . 0.0032 : - —=2.492 be due to different interaction of the cation or the
171+ 0.00345 - 0:0017 = —2.771::0.0011.. - =2.947 neutral molecule, respectively, with the surface.




